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Abstract
Objectives: To investigate apicectomies performed using burs, a CO2 laser or an Er:YAG laser and to evaluate the 
following aspects: morphology of apicectomized surfaces, presence of failures at the dentin/obturation material 
interface (marginal fit) of the apical portions of the root canals, and the proportions of chemical elements in the 
apicectomized surfaces.
Study design: Twenty-four teeth were divided into three groups of eight and each group underwent apicectomy by 
one of three different ablation techniques: bur, CO2 laser or Er:YAG laser. The morphology of the apicectomized 
surfaces was then analyzed using scanning electron microscopy and their chemical composition was analyzed by 
energy dispersive spectroscopy. 
Results: Surfaces produced with ablation by bur exhibited less surface irregularities and better marginal fit, while 
ablation with the CO2 laser caused intense surface carbonization and failures in obturation material fit. 
Conclusions: Our results suggest that, taking into consideration their clinical application, ablation of tooth apices 
using burs proved to be the best option among those tested here.
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Introduction
Root-end resection, also known as apicectomy, is a sur-
gical procedure during which the apex of a root of a 
tooth is removed. It can be carried out using a variety 
of methods, the majority of which involve burs at fast 
or slow rotations (1). Recently, high-power lasers have 
been adopted as a technological resource for carrying 
out this procedure (2).
The advantages of laser irradiation in endodontics in-
clude elimination of the dentinal smear layer, opening 
of dentinal tubules and bactericidal action as a result of 
the laser-induced heat effect. Unfortunately, however, 
the temperature increment in the dentinal tissues can 
produce undesirable effects such as cracks or small fis-
sures upon cooling (3).
Using a CO2 laser reduces dentinal permeability after 
irradiation and can induce the formation of secondary 
dentin (4). When used to treat hard tissues, CO2 laser 
can result in deleterious effects such as carbonization, 
melting and denaturing of proteins, resulting in the for-
mation of toxic substances and changes to the composi-
tion of the irradiated tissues (5).
The wavelength of 2.94 µm that Er:YAG lasers produce 
is readily absorbed by water. Er:YAG lasers can be used 
for a range of clinical dental treatments, for hard-tissue 
applications, such as apicectomies, for removing super-
ficial calcium deposits and for removing cement from 
root apices. They also have bactericidal properties (6).
Er:YAG laser thermal ablation may cause dissolution 
of mineral components and fusion of amorphous parti-
cles without crystallization, resulting in a smoother and 
cleaner surface (1). The advantages of this type of laser 
compared to the burs are: better visibility, more accu-
rate apical resection, absence of contact, faster removal 
due to vaporization, hemostasis, absence of vibration, 
very little pain, lower risk of trauma in the adjacent tis-
sues (7).
Root surfaces irradiated with CO2 laser have craters 
presenting a carbonized superficial layer, forming a 
matrix similar to cementum and absence of dentin tu-
bules (8). In addition, human teeth apicectomized us-
ing Er:YAG laser and CO2 laser compared to burs had 
smoother surfaces and more homogeneous fusion and 
recrystallization, with occluded tubules and reduced 
permeability (9).
The objective of this study was to investigate apicec-
tomies performed using burs or laser technologies. 
The following aspects were evaluated after ablation of 
materials using burs, a CO2 laser or an Er:YAG laser: 
morphology of apicectomized surfaces and presence of 
failures at the dentin/obturation material interface (mar-
ginal fit) of the apical portions of the root canals, using 
scanning electron microscopy (SEM); and the propor-
tions of chemical elements in the apicectomized surfac-
es, using energy dispersive spectroscopy (EDS).
Materials and Methods
The study employed 24 root apices from permanent hu-
man canine teeth (upper and lower), from patients with 
average age from 30 to 50 years.
-Endodontic treatment
The pulp content was removed from the root canals by 
means of chemical and mechanical preparation tech-
niques. After complete removal of the pulp content, all 
of the root canals were irrigated with solutions of so-
dium chloride at 0.9% and ethylenediaminetetraacetic 
acid (EDTA) at 17%, with the objective of removing the 
smear layer and the chemical substances used in the me-
chanical and chemical preparation process. After these 
cleaning procedures, the canals were dried using ab-
sorbent paper points and filled with obturation material 
consisting of gutta-percha cones covered in zinc oxide 
and eugenol endodontic sealer.
-Apicectomy of samples
The tooth apices were randomized into three groups of 
eight apices depending on the ablation technique, either 
mechanical or laser, and apicectomized 3 mm from the 
apical tip, maintaining an angle of 90º to the axis of the 
root.
The samples in group A, used as a control group, 
were apicectomized using a conical diamond bur with 
a rounded tip (Ø ISO 18; L = 11 mm) at a rotation of 
380,000 rpm and under constant cooling with 0.9% 
NaCl solution.
The samples in group B were apicectomized with a CO2 
laser (CW, 5W) without cooling, kept at a focal distance 
of approximately 12 mm. No positioning devices were 
used to stabilize the distance between the laser beam 
and the apex with the objective of using a methodology 
similar to clinical practice and in order to allow ablation 
with the laser beam focused into the deepest areas.
The samples in group C were apicectomized using an 
Er:YAG laser (pulsed, 10 Hz, 400 mJ per pulse and 4 
W), under constant cooling with an air-water spray, 
with a focal distance varying between 8 and 10 mm. No 
positioning devices were employed for the same reasons 
already explained. 
None of the specimens underwent retrograde obturation 
in the apicectomized area.
-Characteristics of the samples
All samples were cleaned under a nitrogen jet and then 
dried in a dehydrator at a temperature of 45ºC for 2 
weeks. After the drying process, the surfaces of the 
specimens were metalized with a fine film of gold using 
a sputtering technique, allowing the biological tissues 
to conduct electricity.
-Scanning electron microscopy (SEM) 
SEM images of the apicectomized surfaces of the root 
apices were taken using a Philips XL 30 (Fei Company 
- Eindhoven, Netherlands), showing the surface and the 
dentin/obturation material interface (marginal fit). An 
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electron beam with energy of 20keV and a 4.9 spot was 
used. Images were taken in spread electron mode (SE).
The assessment of flaws between the dentin/obturation 
material and the uneven apicectomized surfaces was 
performed using SEM images by a well trained, cali-
brated professional under the supervision of the profes-
sor/researcher, who is highly experienced in SEM.
-Energy dispersive spectroscopy (EDS) 
The apicectomy procedures used here cause structural 
changes to the dentin. The reason for producing EDS 
analysis spectra of the chemical elements present in the 
dentin surfaces that were cut using these techniques is 
to establish parallels between the quantitative changes 
to the elements and the ablative technique employed.
Each group underwent analysis of the chemical compo-
sition of the apicectomized surfaces of the tooth apices 
using EDS. A solid state Si (Li) detector built into the 
electronic microscope was used for analysis, employing 
the same parameters used to obtain the images. Each 
analysis was run for 11 seconds.
-Statistical analysis
The Shapiro-Wilk test was applied to the percentages of 
each chemical element, verifying the normality of the 
distribution of the percentages. Having verified normal-
ity, the ANOVA test was applied (Tukey/Games-Howell) 
for homogenous and non-homogenous variables. Statis-
tical tests were performed using SPSS® 11.5 (Statistical 
Package for the Social Sciences, SPSS Inc., Chicago, 
USA), and BioEstat® 5.0 software (Universidade Fed-
eral do Pará, Belém, Brazil). Statistical significance was 
defined at < 5%.
Results
-Morphological evaluation of apicectomized surfaces
It was possible to observe by means of SEM analysis 
(Fig. 1) that the surfaces of group B specimens exhib-
ited the greatest irregularity of the three groups, and 
were extremely carbonized and irregular (Fig. 1B). 
This group also had the greatest degree of marginal fit 
failure, exhibiting the largest fissures between the dentin 
and the obturation material (Fig. 1E), when compared 
with groups A and C (Figs. 1D, 1F). The surfaces of 
group A specimens (Figs. 1A, 1D) exhibited the lowest 
degree both of alterations and of failures at the dentin/
obturation material interface, when compared with the 
other groups.
-Chemical composition of the apicectomized surfaces
According to the Shapiro-Wilk test, the percentages of 
the chemical elements carbon, oxygen and phosphorous 
exhibited a normal probability distribution (p > 0.05), 
whereas the percentages of calcium did not follow a 
normal distribution (p ≤ 0.05). 
Analysis of variance of the carbon percentages of 
groups A, B and C demonstrated that the variance was 
not homogenous across the groups (p < 0.05). Using the 
Games-Howell multiple comparisons test, statistically 
significant differences were detected when groups A 
and B and groups A and C were compared (p ≤ 0.05).
Analysis of variance of the oxygen and phosphorous 
percentages of groups A, B and C specimens demon-
strated that the variance was homogenous across groups 
(p < 0.05). The Tukey multiple comparisons test detect-
ed statistically significant differences when groups A 
and B and groups A and C were compared (p ≤ 0.05). 
Analysis of the EDS spectra for the three groups (Fig. 2) 
revealed that the chemical composition of group B con-
tained the greatest proportion of carbon, followed by 
group C and then group A. Group A exhibited a higher 
oxygen content than group B. Group A had a higher 
quantity of phosphorous than groups B and C. 
Table 1 lists the mean percentages of each chemical el-
ement according to the EDS spectra for each ablation 
technique. To aid with interpretation of the results, a 
bar chart was plotted of the mean percentages of each 
chemical element by experimental group (Fig. 3).
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Fig. 1. Microscope images (electronic micrographs) (A, B, C, D, E and F). A) apicectomized surface from group A; B) apicectomized 
surface from group B, and C) apicectomized surface from group C. Magnification of 140x. D) dentin/obturation material interface 
from group A; E) dentin/obturation material interface from group B, and F) dentin/obturation material interface from group C. Mag-
nification of 1000x. DE – dentin; FM – filling material.
Fig. 2. Energy dispersive spectroscopy spectra for experimental groups A, B and C, illustrating the 
intensity of the chemical elements (y-axis), according to energy in keV (x-axis). C – carbon; O – oxy-
gen; Mg – magnesium; P – phosphorous and Ca – calcium.
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Fig. 3. Bar graph representing the distribution of the mean percentage of each chemical element (y-
axis), by experimental group (x-axis). C – carbon; O – oxygen; Mg – magnesium; P – phosphorous 
and Ca – calcium.
Chemical Elements  
Percentage in weight (wt %) 
Mean ±SD 
Group A Group B Group C 
C  10.48±1.34 37.47±13.67 24.99±5.50 
O  32.07±6.24 26.06±10.17 28.13±5.86 
P  20.05±2.09 12.67±4.75 15.46±2.74 
Ca  35.46±5.00 28.24±6.67 26.28±5.37 
?
Table 1. Chemical elements present in apicectomized surfaces as quantified by EDS, broken 
down by ablation technique.
SD = Standard deviation; C = carbon; O = oxygen; P = phosphorus; Ca = calcium.
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Discussion
The greater carbonization of dentin surfaces cut with 
the CO2 laser may be due to the fact that no cooling was 
applied, thus reducing its efficacy (10). The cooling sys-
tems used with the burs and with the Er:YAG laser may 
have resulted in an accentuated reduction in burning of 
the surfaces being cut (1,2,5,10).
Hydroxyapatite absorbs CO2 laser radiation better than 
water does. This absorption transforms the light ener-
gy into heat, raising the temperature to over 700 °C, 
which is sufficient to melt hydroxyapatite. Solidification 
and recrystallization of these areas, however, is almost 
always incomplete and noncontiguous. In contrast, 
Er:YAG laser light is better absorbed by water, which 
evaporates before the hydroxyapatite melts. This type of 
laser requires lower temperatures to ablate hard tissues, 
resulting in less thermal damage to these structures. 
These mechanisms, called photothermal vaporization 
in the case of the CO2 laser and photomechanical abla-
tion in the case of the Er:YAG laser, probably contrib-
ute to the creation of different surfaces after irradiation 
(5,11-13).
The apices removed with Er:YAG exhibited more irreg-
ular surfaces when compared with those cut with burs, 
with compact waves with mildly elevated edges. This is 
due to the fact that the Er:YAG laser was used in pulsed 
mode, cutting the dentin in a continuously interrupted 
manner, and also due to movement of the specimen dur-
ing exposure to radiation (1,5,14).
Surfaces cut with burs were the smoothest and so exhib-
ited the greatest dentin permeability, followed by those 
cut with the Er:YAG and CO2 lasers. The latter resulted 
in the least dentin permeability as a result of the melting 
and recrystallization of the dentin, obliterating dentin 
tubules (9).
With relation to the presence of failures at the interface 
between the dentin and the obturation material, the bur 
group had the lowest incidence and the smallest size fail-
ures, resulting in flatter surfaces and less gutta-percha 
displacement when compared with the other groups. 
Excessive heat contributed to a worse fit of the gutta-
percha in apicectomies. This may explain why the CO2 
laser group exhibited the greatest degree of marginal 
infiltration, since this laser was used without cooling 
(15-17).
There was a tendency for carbonates and phosphates to 
reduce after irradiation with both types of laser, which 
supports the suspicion that mineral components suffer 
ablation during the process. There were also reductions 
in the quantities of calcium and phosphorous. Irradia-
tion with the Er:YAG laser provoked greater losses of 
proteins and water than of carbonates and phosphates 
from dental hard tissues (5). The results of this research 
demonstrated lower quantities of phosphorous in the la-
ser groups when compared with the bur group.
The differences between the bur and CO2 laser groups 
for the element oxygen demonstrate greater quantities 
in the bur group, which can be attributed to the intense 
burning the dentin structure suffered under CO2 laser 
radiation, leading to intense water losses in the proc-
ess.
Based on the tissue ablation methodologies employed 
and on the analysis of the data obtained, it has been pos-
sible to draw the following conclusions:
- specimens apicectomized with burs exhibited less 
dentin surface irregularities than the laser groups;
- the CO2 laser group exhibited the greatest degree of 
marginal fit failure, with larger fissures between dentin 
and obturation material when compared with the other 
groups;
- specimens in the CO2 laser group exhibited the great-
est quantity of the element carbon when compared with 
the other groups, as a result of the laser-related carboni-
zation observed on the apicectomized surfaces of the 
samples evaluated in this study.
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